We describe a construction of symmetric designs with parameters (324,153,72), (576,276,132), and (900,435,210), admitting an automorphism group isomorphic to F rob 17·8 ×Z 9 , F rob 23·11 ×Z 12 , and F rob 29·14 × Z 15 respectively. The derived designs of the constructed designs, with respect to the fixed block, are cyclic.
Introduction
A 2-(v, k, λ) design is a finite incidence structure (P, B, I), where P and B are disjoint sets and I ⊆ P × B, with the following properties:
|P| = v;
2. every element of B is incident with exactly k elements of P; 3. every pair of distinct elements of P is incident with exactly λ elements of B.
The elements of the set P are called points and the elements of the set B are called blocks. If |P| = |B| = v and 2 ≤ k ≤ v − 2, then a 2-(v, k, λ) design is called a symmetric design.
Given two designs D 1 = (P 1 , B 1 , I 1 ) and D 2 = (P 2 , B 2 , I 2 ), an isomorphism from D 1 onto D 2 is a bijection which maps points onto points and blocks onto blocks preserving the incidence relation. An isomorphism from a symmetric design D onto itself is called an automorphism of D. The set of all automorphisms of the design D forms a group; it is called the full automorphism group of D and denoted by AutD.
Let D = (P, B, I) be a symmetric (v, k, λ) design and G a subgroup of AutD. The action of G produces the same number of point and block orbits (see [8, Theorem 3.3, p. 79] ). We denote that number by t, the point orbits by P 1 , . . . , P t , the block orbits by B 1 , . . . , B t , and put |P r | = ω r and |B i | = Ω i . We shall denote the points of the orbit P r by r 0 , . . . , r ωr−1 , (i.e. P r = {r 0 , . . . , r ωr−1 }). Further, we denote by γ ir the number of points of P r which are incident with a representative of the block orbit B i . The numbers γ ir are independent of the choice of the representative of the block orbit B i . For those numbers the following equalities hold (see [7] ): The first step -when constructing designs for given parameters and orbit distributions -is to find all compatible orbit structures (γ ir ). The next step, called indexing, consists in determining exactly which points from the point orbit P r are incident with a chosen representative of the block orbit B i for each number γ ir . Because of the large number of possibilities, it is often necessary to involve a computer in both steps of the construction. Menon designs with parameters (324,153,72), (576,276,132), and (900,435,210) have been known to exist (see [13] ). However, only a few examples of designs with these parameters have been constructed so far.
Orbit Structures
For v ∈ N we denote by j v the all-one vector of dimension v, by 0 v the zerovector of dimension v, and by J v the all-one matrix of dimension (v × v).
Lemma 1 Let n be a positive integer. The matrices
are orbit structures for the parameters (4n 2 , 2n 2 − n, n 2 − n) and the orbit size distribution (1, 2n − 1, 2n − 1, . . . , 2n − 1). 
Symmetric (324,153,72) Designs
It is known that Menon designs with parameters (4n 2 , 2n 2 − n, n 2 − n) exist whenever 2n − 1 and 2n + 1 are both prime powers (see [10] ). Although symmetric designs with parameters (324,153,72) have been known to exist for a long time, as far as we know the only known symmetric (324, 153, 72) designs are the designs described in [3] , and the design corresponding to the Bush-type Hadamard matrix described in [6] .
Let G 1 be isomorphic to the group F rob 17·8 × Z 9 . We may write
We shall assume that an automorphism group H 1 ≤ G 1 isomorphic to F rob 17·8 acts on the symmetric (324,153,72) designs to be constructed with one fixed point (and block), and 19 orbits of size 17. That means that the permutation of order eight has precisely 20 fixed points and 20 fixed blocks. Orbit structures of the type OS 1 and OS 2 correspond to such action of H 1 on a symmetric (324,153,72) design. We shall proceed with indexing of these orbit structures by the method described in [5] , having in mind the action of τ on the orbits of the group H 1 , as described in [1] and [3] .
Denote the points by 1 0 , 2 i . . . , 20 i , i = 0, 1, . . . , 16, and put G 1 = ρ, σ, τ , where the generators for G 1 are permutations defined as follows: As representatives for the block orbits we chose blocks fixed by σ . Therefore, the index sets -numbered from 0 to 4 -which could occur in the designs are among the following: It would be sufficient to write down the first, tenth and eleventh row of the matrices shown above, i.e. the base blocks of the designs with respect to the group G 1 , since the other H 1 -orbits could be obtained as τ -images of these rows.
The designs D 1 1 and D 1 2 both have the full automorphism group isomorphic to F rob 17·8 × Z 9 , they are self-dual and mutually non-isomorphic. We have determined the automorphism groups of the designs using GAP [4] and a program by V. D. Tonchev [11] .
Symmetric (576,276,132) Designs
It is known that using a regular Hadamard matrix of order 4u 2 one can construct a regular Hadamard matrix of order 16u
2 (see, e.g., [2] ). So, the existence of Menon (576,276,132) designs is a consequence of the existence of Menon designs with parameters (144,66,30), i.e. (36,15,6 ). Nevertheless, to our knowledge, none symmetric (576,276,132) design have been explicitly constructed so far.
In our construction of symmetric (576,276,132) designs we use the group
isomorphic to F rob 23·11 × Z 12 . We denote the points by 1 0 , 2 i . . . , 26 i , i = 0, 1, . . . , 22, and put G 2 = ρ, σ, τ , where the generators for G 2 are permutations defined as follows: 
Symmetric (900,435,210) Designs
Symmetric designs with parameters (900,435,210) have been known to exist, since 900 = 4 · 15 2 , and 29 and 31 are prime powers. Although there is this information about the existence, as far as we know none symmetric (900,435,210) design have been constructed and studied so far.
Let us describe a construction of symmetric (900,435,210) designs using the group 
